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(English Translation of Japanese Patent Application 
After-Grant Laid-open No. 3-^31823) 

Apparatus for widely ■ spreading a fibers bundle 
WHAT IS CLAIMED IS; 

1. Apparatus for widely spreading a fibers bundle coiuprising 
a guide roller provided on an entrance side and an exit side 
respectively of said apparatus and a plurality of spreading 
rollers- disposed in parallel with each other wherein said 
respective rollers are disposed such that a plurality of fibers 
bundles aligned in parallel roll over said respective rollers 
with an angle ranging from 30 degrees to 90 degrees. 

2. Apparatus for widely spreading a fibers bundle according 
to claim 1 wherein said respective rollers are satin finished 
on the surface. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to an apparatus for widely spreading 
a fibers bundle, more specifically, pertaining to an apparatus 
for continuously producing a spread fibers bundle sheet or tape 
whose filaments are uni-directionally aligned side by side with 
a uniform thickness and with the restraint of causing fluffs 
on the fibrous surface. 

Currently/ a pre-impregnation sheet in which such a 
reinforced fibers bundle tape as being made from carbon fibers, 
glass fibers, aromatic polyamide fibers is impregnated with 
such thermoset resin as epoxy resin and non-saturated polyester 
resin is widely adopted for such industrial material as a plate 
spring and a honeycomb-built structure and for such sports items 
and leisure goods as a fishing rod, a golf shaft and a badminton 
shaft. Further, in recent years, such materials as molded from 
the above-mentioned pre-impregnation sheet are on review to be 
used for the assembly parts of airplanes, automobiles and 
medical instruments and some of them are put into practice. 

In accordance with the diversified use of such 
pre-impregnation sheet, such pre-impregnation sheet as being 
uniform and smaller in thickness is in acute demand. Such 
uniformly and thinly prepared pre-impregnation sheet enables 
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not only a thinly molded product to be produced, but also such 
products as making most of the anisotropic behavior of fiber 
reinforced complex material to be designed in variety, which 
further expands the use of such complex material. 

In order to form a uniformly and thinly prepared 
pre-impregnation sheet, normally, either fibers bundles 
smaller in diameter or fibers bundles respectively comprising 
a small number of filaments are uni-directionally aligned side 
by side so as to be formed into a spread fibers bundles sheet 
smaller in thickness or fibers bundles larger in diameter or 
fibers bundles respectively comprising a large niimber of 
filaments are widely spread so as to be formed into a spread 
fibers bundles sheet smaller in thickness. 

In general, a fibers bundle smaller in diameter or 
comprising a small number of filaments is expensive, so that 
it is advantageous to widely spread a fibers bundle larger in 
diameter or comprising a large number of filaments so as to form 
a spread fibers bundle sheet smaller in thickness for preparing 
a pre-impregnation sheet. 

The present inventors have tired and erred on the 
production method of a pre-impregnation sheet smaller in 
thickness and reached the inventive step of the invention as 
disclosed herein. That is to say, the gist of the invention is 
to provide an apparatus for widely spreading a fibers bundle 
comprising a guide roller provided on an entrance side and an 
exit side of the apparatus and a plurality of spreading rollers 
aligned in parallel with each other and disposed between the 
guide rollers wherein a plurality of fibers bundles aligned in 
parallel roll over the respective rollers with an angle ranging 
from 30 degrees to 90 degrees. 

The apparatus according to the invention allows a fibers 
bundle to be widely spread in a continuous manner and with 
efficiency so that a high-quality pre-impregnation sheet 
smaller in thickness is prepared with the apparatus hereof 
incorporated into a pre-impregnation sheet production 
apparatus . 
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Figure 1 is an explanatory view to illustrate the principle 
of the apparatus according to the invention. 

Figure 1 A shows a fibers bundle with a thickness of AJ? 
running on the surface of the roller having radius R under a 
tension T. Figure 1 B shows a sectional view of the bundle taken 
along a and b of Figure lA. 

In Figure lA, without the mutual slippage of the respective 
monofilaments towards the moving course of the fibers bundle, 
the monofilaments disposed in the outermost positions thereof 

are subjected to the strain expressed with R so as to be 

applied an excessive tension expressed with such 
monofilaments, in accordance with which such monofilaments are 
pushed inwards with the force expressed with A^ 

On such principle as explained above, the monofilaments 
disposed in the outermost position of the bundle are further 
and further pushed inwards, upon which slippage occurring 
crosswise with regard to the moving course of the bundle among 
the respective monofilaments resulting in further sinking them 
within the bundle so that they are spread widthwise with the 
force of P' . In case where the respective rollers are axially 
fixed without rotation, the weight of the respective 
monofilaments in contact with the respective rollers is carried 
widthwise with regard to the respective rollers so that 
spreading effect is enhanced. This is because the respective 
monofilaments are in static friction with the respective 
rollers where the rollers rotate together with the bundle while 
they are in kinetic friction with the latter where they are 
axially fixed so that the slippage of the respective 
monofilaments widthwise with regard to the moving course of the 
bundle is enhanced. 

As a result that the variety of apparatuses for spreading 
a fibers bundle has been tried on the basis of the principle 
as mentioned above, we have invented an apparatus as disclosed 
herein. 
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Figure 2A and 2B schematically show an apparatus according 
to the invention. 

In Figure 2K, reference letters A and E indicate guide 
rollers while B, C and D indicate spreading rollers. Figure 2B 
shows one example in which the respective carbon fibers bundles 
are rolled over the respective rollers. The diameter of the 
respective spreading rollers ranges from 6 mm to 60 mm, more 
preferably ranging from 10 to 30 mm in order to enhance spreading 
effect and to prevent the respective bundles from being damaged 
and secure the durability of a roller. 

The angle and y"* by which the respective bundles 

roll over the respective spreading rollers as shown in Figure 
2A, preferably, range from 30^ to 90^, 

If such angle is less than 30°, practically speaking, it 
causes the tensile force applied to the respective bundles to 
tend to the respective rollers so as to bend the latter. Besides, 
a lot of fluffs occur on the surface of the respective bundles, 
In turn, if such angle is more than 90°, there is no spreading 
effect on the respective bundles so that it is impractical to 
produce .a pre-impregnation sheet smaller in thickness. The 
respective spreading rollers may be axially fixed or rotate, 
which is selectable on a case-by-case basis. The respective 
spreading rollers are preferably made from an SK material or 
stainless steels, the surface of which roller is satin finished 
for the purpose of facilitating the slippage of the respective 
bundles thereon and restraining fluffs from occurring .on the 
surface of the respective bundles. The optimum spreading roller 
that is abrasion-proof and durable for a long period of time 
is such that its surface is chromium plated and then satin 
finished. 

More than three spreading rollers' are appropriate for 
carrying out the invention, but provided that the guide rollers 
referred to as A and E in Figure 2A are satin finished and axially 
fixed, the. apparatus as shown in Figure 3 comprising three 
rollers may perform spreading operation to some extent • However, 
for the purpose of enhancing spreading effect, a plurality of 
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The preferred ertODodiiaent of the invention is described 
below . 

Example 1 

An apparatus as shown in Figure ' 2A whose five rollers 
including guide rollers may be axially fixed or rotate/ over 
which spreading rollers the respective bundles roll by the angle 
of 4 5°, is incorporated into a pre- impregnation sheet 
production apparatus . The appearance of the sheet made from the 
respective carbon fibers bundles respectively comprising 3000 
monofilaments containing 0.3 weight percent of a sizing agent 
and the spread width per bundle as well as the theoretical 
thickness per spread sheet under the condition that the ratio 
by which the filaments are contained in the sheet amounts to 
60 % are shown in Table 1, which table is divided into sections 
a, b, c and d according to such conditions as roller surface 
finish, fixing or rotating roller and so forth. To note, the 
tension applied to the respective bundles is about 1.5 Kg. 



TABLE 1 





urface Finish 


Fix or rotate 

Rollers 


Appear- 
ance 


Width 
(mm) 


Thickness 
(mm) 


a 


Chromium 
plated, satin 
finished 


Fix all 


A few 
.Fluffs 


4.4 to 
4,5 


0.0428 


b 


-ditto- 


Rotate guide 
rollers only 


Scarce 
Fluffs 


4.3 to 
4.4 


0. 0439 


c 


-ditto- 


Rotate all 


No fluff, . 
A few 
gaps 


3.3 to 
3.9 


0.0552 


d 


Chromium 

plated. 

Mirror 

surface 

finished 


Rotate guide 
Rollers only 


A lot of 

Fluffs, 
A few 
Gaps 


4.0 to 
4.3 


0-0455 
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Comparison 1 

In the same way as the above example 1, but with the angle 
by which the respective bundles roll over the respective gu-ide i/' 
rollers modified, the following result is obtained. '■'Y'-^ 

Table 2 





P** 


Roller 
Surface 


Fix or rotate 

Rollers 


Appearance 


Width 
(mm) 


a 


100 100 100 


Chromium 
plated, 

satin 
finished 


Fix all 


A few 
Fluffs and 
gaps 


3.0 to 
3-5. 


b 


120 120 120 


-ditto- 


-ditto- 


No fluff, 
But with 
A lot of 
Gaps 


1.5 to 

3 2 


c 


100 100 100 


Chromium 
plated, 
mirror 
surface 

finished 


-ditto- 


A lot of 
Fluffs 


4.3 to 
4.5 


d 


25 25 25 


Chromium 
plated/ 
satin 
finished 


Rotate guide 
rollers only 


A lot of 

Fluffs 


4.5 to 
4.7 


e 


-ditto- 


-ditto- 


Rotate all 


No fluff, a 
few gaps 


3.5 to 
4.0 


f 


-ditto- 


-ditto-- 


Fix all 


A very lot 
of fluffs 


4.7 to 
5.0 



Figure 1 is an explanatory view to show the principle of 
the apparatus according to the invention and Figures 2 and 3 
schematically show the arrangement of the apparatus according 
to the invention. 
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